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A B S T R A C T 
 
Seasonal and spatial dynamics of the microphytobenthic biomass on a subtropical intertidal sand flat 
(25°32’S; 48°24’W) was investigated monthly from September 1995 to July 1996. Chlorophyll-a and 
Phaeophytin-a contents, temperature, salinity, inorganic nitrogen and phosphate pore water 
concentrations and sediment characteristics were assessed in the upper (HW), middle (MW) and 
lower (LW) sections of the flat. Microphytobenthic biomass content showed a conspicuous seasonal 
and spatial gradient. Higher chlorophyll-a contents were registered in the HW section of the tidal flat 
(from 11.78 µg.gsed-1 to 38.18 µg.gsed-1) decreasing towards the LW section (from 6.23 µg.gsed-1 to 
18.23 µg.gsed-1). Microphytobenthic seasonality was determined mainly by turbulence of the water 
column, which was influenced by atmospheric events. The sediment properties and nutrient 
concentrations had a significant effect on the spatial and seasonal distribution of pigments on the 
intertidal flat. 
 
R E S U M O 
 
A dinâmica sazonal e espacial da biomassa microfitobêntica em uma planície arenosa intermareal 
(25º32'S; 48º24'W) foi investigada mensalmente de setembro de 1995 a julho de 1996. A 
concentração de clorofila-a e feofitina-a, a temperatura, salinidade, concentração de nitrogênio 
inorgânico e fosfato na água intersticial, além das características do sedimento, foram inferidas na 
região superior (HW), mediana (MW) e inferior (LW) da planície. A biomassa microfitobêntica 
apresentou gradientes sazonal e espacial bem definidos. Maiores concentrações de clorofila-a foram 
registradas na região superior da planície entre marés (HW, de 11.78 µg.gsed-1 até 38.18 µg.gsed-1), 
decrescendo em direção a região inferior da planície (LW, de 6.23 µg.gsed-1 a 18.23 µg.gsed-1). A 
sazonalidade microfitobêntica foi determinada principalmente pela turbulência da coluna de água, 
influenciada pelos eventos atmosféricos. As propriedades do sedimento e as concentrações de 
nutrientes foram significantes para a distribuição espacial e sazonal dos pigmentos na planície entre 
marés. 
 
Descriptors: Nutrients, Sediment properties, Pigment content, Benthic microalgae. 
Descritores: Nutrientes, Propriedades do sedimento, Conteúdo de pigmentos, Microalga bêntica. 
  
INTRODUCTION 
 
Tidal variation is an important factor in the 
physical control of intertidal flats, exposing the system 
to the air at low tide and to the estuarine aqueous 
conditions during immersion. Along the intertidal flat, 
different zones are characterised according to the 
hydrodynamics, tidal range, slope and habitat 
sequence (REISE, 1985; DYER et al., 2000). 
Consequently, the upper, middle and lower flats can 
                       
be distinguished by sediment granulometry and 
composition that are reflected in the biological 
community and related biochemical processes (DYER 
et al., 2000; MUROLO et al., 2006; FONSECA et al., 
2008). 
These flats contribute substantially to the 
overall primary production and act as depositional 
environments trapping organic materials derived from 
the estuary. These materials are directly utilised by 
invertebrates and are thus remineralised by 
biogeochemical microbial processes (MIDDELBURG 
et al., 2000; CHOY et al., 2008; DU et al., 2010). In 
tropical and subtropical regions, the main primary 
producers in the intertidal flats are salt marshes, 
mangroves and microphytobenthos. However, 
microalgae are mandatory to the local food chain 
because they are palatable and rapidly utilised by the 
meio- and macrobenthos (UNDERWOOD and 
PATERSON, 1993; HERMAN et al., 2000; WELKER 
et al., 2002). 
The seasonality of benthic communities of 
tropical and subtropical zones is strongly influenced 
by the rainfall regime (ALONGI, 1990). The increase 
of runoff causes erosion and resuspension of the 
sediments, which destabilises the benthic community. 
The same physical effect has been observed for 
microphytobenthic cells during conditions of high 
wind (DE JONGE and VAN BEUSEKMAN, 1995). 
Additionally, herbivory, luminosity and nutrients 
might play important roles in controlling the 
microphytobenthos, dampening the biomass and 
reducing primary production rates (REISE, 1992; 
UNDERWOOD and PATERSON, 1993; SANTOS et 
al., 1995; MUROLO et al., 2006; YAMAGUCHI et 
al., 2007; CHOY et al., 2008; DU et al., 2010). 
Despite the importance of the 
microphytobenthic community to the intertidal system, 
the dynamics of these organisms are poorly 
understood in the Brazilian estuarine intertidal flat 
(MUROLO et al., 2006). In this study, there are three 
hypotheses to be tested: (1) that the 
microphytobenthos biomasses vary spatially and 
temporally in a subtropical intertidal flat; (2) if this is 
true, the spatial variability is determined by the 
physical (sediment characteristics) and chemical 
(nutrients concentrations) conditions of the area; and 
(3) the seasonality is influenced mainly by the rainfall 
regime. 
 
MATERIAL AND METHODS 
 
Study Area 
 
The estuarine complex of Paranaguá Bay 
occupies an area of 612 km2 of the southeastern 
Brazilian Coast (25°03’S, 48°24’W) and the area 
above the 1 metre isobath comprises 132 km2 
(NOERNBERG et al. 2006). The eastern portion of 
the bay is dominated by water from the adjacent 
continental shelf, whereas the western sector receives 
greater fluvial influence. The average freshwater input 
varies from 40 m3.s-1 in the dry winter period to 200 
m3.s-1 in the rainy summer period (MANTOVANELLI 
et al., 2004). Similarly, the average salinity values 
vary from 29 to 12 (MACHADO et al., 1997).  
The tidal flats in Paranaguá Bay are large 
and surrounded by mangrove swamps, salt marshes 
and unvegetated banks. The dynamics of these 
systems are strongly influenced by tidal currents, 
which surpass the effect of fluvial fluxes 
(BIGARELLA et al., 1978). Tides are semidiurnal and 
have diurnal inequalities with a mean range of 2.2 m 
(MARONE and CAMARGO, 1994). Mainly in winter, 
strong winds from the southern quadrant amplify the 
tides, which enhances erosion processes (MARONE 
and CAMARGO, 1994). The tidal flats occupy an area 
of 136 km2, which represents 25% of the water body 
area of the estuary (NOERNBERG et al., 2006) 
This study was undertaken on an intertidal 
flat in Rasa da Cotinga island, a quasi-pristine system 
located at the euhaline high-energy site of the 
Paranaguá Bay. The local flat has a width of about 500 
m from the salt marsh belt to the lower spring tide 
level. Three equidistant sampling areas were 
considered along a transect drawn over the lower 
(LW), middle (MW) and upper (HW) flat, each one 
occupying an extension of 150 m (Fig. 1). The 
sediments are mainly well-sorted fine sands with low 
organic content in the upper area and well-developed 
aggregates of shell fragments in the lower area 
(PAGLIOSA and LANA, 2005). During high tides, 
the depth of the water column above the intertidal flat 
varies from 1 to 2 m. Therefore, at high tide, the light 
that reaches the sediment on the upper and middle flat 
is more intense than that on the lower flat. This is an 
important factor in the spatial differences found in the 
microphytobenthic primary production measured 
along this flat (FONSECA et al., 2008). 
  
 
Sampling and Analyses 
 
Monthly sampling was carried from 
September 1995 to July 1996. Three equidistant sites 
were fixed on the LW, MW and HW for the collection 
of samples for measuring the sediment (grain size, 
carbonate and organic matter contents), the pore water 
(temperature, salinity and inorganic dissolved 
nutrients) characteristics and the microphytobenthic 
biomass. The sediment samples were collected 
manually to a depth of 5 cm by PVC corer (10 cm 
internal Ø) and were kept in black plastic bags and at 
low temperature until reaching the laboratory. The 
homogenised sediment was used to determine its 
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granulometry, organic matter and carbonate contents 
(SUGUIO, 1973). Temperature was measured directly 
in the sediment by standard chemical thermometer. 
Pore waters were sampled by plastic syringe attached 
to a disposable filtration system and silicone tube, 
which was buried up to 2 cm deep in the sediment. 
The syringe plunger was pulled up smoothly to fill the 
volume of 5 mL. This procedure was repeated in 
different portions of the sampling station until a total 
sample of 20 mL was obtained. The salinity was 
measured by manual refractometer (ATAGO mod. 
s/Mill). The pore water sample was stored in a clean 
polycarbonate bottle, which was kept in the dark at 
low temperature for two hours at the most. In the 
laboratory, the sample was filtered and stored in a 
freezer until analysis (GRASSHOFF et al., 1983). The 
inorganic nutrient concentrations (phosphate, 
ammonium, nitrate plus nitrite) were measured in 
accordance with GRASSHOFF et al. (1983). 
Dissolved inorganic nitrogen (DIN) was determined 
by the sum of nitrogen forms.  
Sediment triplicates to determine the 
microphytobenthic biomass were sampled at each 
station  by  hand  with  a  black  polycarbonate corer 
(2 cm internal Ø) that  was  closed  immediately. 
These  samples  were  transported  to  the  laboratory 
in a cooling box and  immediately frozen at -20°C 
until further  processing.  Pigments  were  extracted 
with 10 mL acetone (100%) for 24 h in the dark at 
4°C. The extract was carefully transferred to 
centrifuge   tubes  and  centrifuged  at  4000   rpm for 
5 min. The microphytobenthic biomass, chorophyll-a 
and phaeophytin-a were determined 
spectrophotometrically (Micronal B380) in accordance 
with PLANTE-CUNY (1978). 
Rainfall and wind data were provided by the 
meteorological station of the Centro de Estudos do 
Mar – Universidade Federal do Paraná, located near 
Rasa da Cotinga island. The direction and velocity of 
the winds were collected from November 1995 
onwards; a data gap occurred before this month. 
 
Data Analyses 
 
Principal component analysis (PCA, using 
mean values of each area, n = 36) were applied to 
environmental and biotic data (microphytobenthic 
biomass), data were 4th root transformed. Simple linear 
correlation (Pearson r) was performed to measure the 
relation between variables, using the data for all 
sampling stations and periods (n = 108; p < 0.05). 
 
 
Fig. 1. Intertidal flats of the Paranaguá Bay (dark gray). The transect profile and the location of the sampling areas (HW, MW 
and LW) on the intertidal flat of Rasa da Cotinga island. (Modified from NOERNBERG et al., 2006). 
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A Pejrup granulometric diagram considers 
the ratio of the sediment fractions (silt/clay/sand) to 
characterise the hydrodynamic regime of estuarine 
sediments (PEJRUP, 1988; FLEMMING, 2000). The 
granulometric data of the sediment were applied to the 
Pejrup diagram using SysGran 2.0 (CAMARGO, 
2006).  
 
RESULTS 
 
Environmental Conditions 
 
The rainfall period occurred during summer, 
from December 1995 to the beginning of May 1996. 
The maximum daily precipitation (121 mm) was 
observed during the week of the May sampling. The 
rainfall decreased over the rest of the year, especially 
during the winter (Fig. 2). Moderate (1.6 ± 0.5 m.s-1, 
mean ± SD) southeasterly and easterly winds 
dominated throughout the study period. Strong winds 
were detected from the south (8.5 m.s-1, December 
29th, 1995) when a frontal polar mass hit the region 
(Fig. 2). Strong winds (> 6.0 m.s-1) from the south 
quadrant were observed occasionally in December 
1995 and February and March 1996. During winter 
1996, southerly winds were more frequent; however, 
their intensity was about 2.0 m.s-1. 
 
  
Fig. 2. Intensity (m.s-1) and direction of the winds and the 
daily precipitation (mm) in the eurihaline sector of the 
Paranaguá Bay through the study period (from Sep/95 to 
Jul/96). The informations of the winds were measured from 
Nov/95 to Jul/96.  
 
Sediment Characteristics 
 
The intertidal flat was characterized by fine 
sand (from poorly to moderately sorted) at LW and by 
very fine sand (from poorly to well sorted) at MW and 
HW (Fig. 3). The sand contents were quite 
homogeneous along the flat, ranging from 81% ± 1% 
to 93% ± 1% (mean ± SD). The LW had the highest 
gravel content (5% ± 0.5%), which decreased to the 
middle (2% ± 0.4%) and upper (0.8% ± 0.5%) areas. A 
slight spatial gradient of organic matter content was 
observed (Fig. 4), increasing from LW (1.3%) to HW 
(2.6%). The sediment organic matter content increased 
from December-Summer (1.3% to 1.7%) to July-
Winter (1.8% to 2.6%). Carbonate showed an inverse 
spatial pattern to that of organic matter (Fig. 4), 
decreasing from LW (16% to 20%) to HW (5% to7%) 
and constant throughout the sampling period. 
According to the Pejrup diagram, the flat was 
characterized by very high hydrodynamics at LW to 
moderate hydrodynamics at HW and MW. 
Consequently, silt and clay were deposited at MW and 
HW on the flat. 
 
  
Fig. 3. Percentage (%) of sand and silt along the intertidal 
profile (HW; MH; LW) at Rasa da Cotinga island 
(1995/1996). 
 
 
Pore Waters 
 
Fig. 4. Percentage (%) of carbonate and organic matter along 
the intertidal profile (HW; MH; LW) at Rasa da Cotinga 
island (1995/1996). 
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The temperature of the pore water of the 
sediments increased from September (18.5°C± 0.5°C) 
to December (29.0°C ± 0.5°C), maintaining the high 
values during summer, followed by a decrease 
continuing to July (14.2°C ± 0.3°C) (Fig. 5). 
Temperature showed negative correlation with salinity 
(r = 0.54) and positive correlation with rain (r = 0.62). 
The salinity oscillated from 23.3 ± 0.3 (November) to 
33.7 ± 0.6 (July) (Fig. 5). The temperature and salinity 
presented no spatial differences on the different 
sampling dates, reflecting their homogeneity during 
periods of intertidal flat immersion. 
 
 
 
Fig. 5. Mean±SD of temperature (oC) and salinity along the 
intertidal profile (HW, MH, LW) at Rasa da Cotinga island 
(1995/1996). 
 
The concentration of DIN showed the same 
seasonal pattern in the pore water of both the MW and 
HW areas (Fig. 6). DIN concentrations were higher in 
November, 19.8 ± 15.8 µM for MW and 37.2 ± 19.3 
µM for HW. The lower mean concentration occurred 
in winter (July) for both MW (1.4 ± 0.7 µM) and HW 
(1.7 ± 0.3 µM). LW showed higher DIN 
concentrations in spring (30.6 ± 16.3 µM, September), 
which decreased in the winter when the lowest 
concentration was observed (0.9 ± 0.3 µM, May). 
Ammonium was the main form of DIN in the 
interstitial water of the flat, representing from 80% 
(LW) to 86% (HW) of this pool. The concentration of 
dissolved inorganic phosphorus (DIP) was 
homogeneous in the flat at each campaign and showed 
the same seasonality as the DIN (Fig. 7). Higher 
concentrations were observed from September to April 
with an extreme of 6.6 ± 4.8 µM on the MW (March). 
In winter, the DIP concentrations were lower than 0.9 
µM, the minimum value occurring on HW in July (0.5 
± 0.0 µM). NP ratios were from 1 to 87, though 78% 
of the data were less than 10 and only 15% were in 
accordance with the Redfield ratios. The DIP 
concentration showed significant positive correlation 
only with rainfall (r = 0.36; p < 0.000). The DIN was 
not correlated with any variable. 
 
 
 
Fig. 6. Mean±SD of Dissolved Inorganic Nitrogen (μM) and 
Dissolved Inorganic Phosphorus (μM) concentrations along 
the intertidal profile (HW,MH, LW) at Rasa da Cotinga 
island (1995/1996). 
 
 
Microphytobenthos Biomass 
 
Chlorophyll-a (Chl-a) concentration in the 
flat sediment showed a clear spatial gradient (Fig. 7); 
                                               FONSECA ET AL.: MICROPHYTOBENTHOS OF PARANAGUÁ BAY                            87 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
                       
lower concentrations were detected on LW and 
increasing concentrations found at the MW and HW 
sites. The Chl-a concentration oscillated from 6.2 ± 
1.9 µg.gsed-1 (LW, December 1995) to 38.2 ± 17.6 
µg.gsed-1 (HW, May 1996). A Pearson correlation 
indicated that clay (r = 0.36; p < 0.05), organic matter 
(r = 0.39; p < 0.05) and carbonate (r = -0.44; p < 0.05) 
contents in the sediment were correlated with Chl-a. 
Seasonally, Chl-a concentration decreases from 
November to February, followed by an increase until 
July. The spatial and seasonal distribution of 
phaeophytin-a (Phae-a) concentrations were quite 
similar to those of Chl-a (Fig. 7) on the flat, showing a 
good significant and direct correlation (r = 0.73; p < 
0.001). Phae-a concentration in the flat oscillated from 
1.2 ± 0.1 µg.gsed-1 (LW, December 1995) to 18.6 ± 
13.9 µg.gsed-1 (HW, May 1996). The Chl-a to Phae-a 
pigment mean ratio was 4 ± 1 on the flat and spatially 
increased from the HW to the LW sites. In 50% of the 
observations, the Chl-a concentration was twice as 
high as that of phaeophytin-a. 
 
 
 
Fig. 7. Contents of chlorophyll-a (μg.g-1dry sed) and 
phaeophytin-a (μg.g-1dry sed) and chlorophyll-
a:phaeophytin-a (Chl-a:Phae-a) ratio in the sediment along 
the intertidal profile (HW, MH, LW) at Rasa da Cotinga 
island (1995/1996). 
 
 
Environmental Influence on Microphytobenthic Biomass 
 
PCA analysis of biotic and abiotic data 
represents 49% of total data variance (Fig. 8). Axis 1 
relates to the spatial variability within the data that 
separates the samples of the LW from those of the 
other flat zones (MW and HW). Chlorophyll-a and 
phaeophytin-a concentrations, the NP ratio and the 
sediment characteristics (organic matter, clay and silt 
contents) presented the highest positive loads on axis 
1, being related to the upper flat. Gravel and carbonate 
contents in the sediment showed the highest negative 
loads on this axis, being related to the lower flat. Axis 
2 indicated the temporal trend of the data and 
represents 21% of total data variance. Spring samples 
were separated from the winter ones along axis 2 
which was mainly associated with temperature, 
nitrogen, phosphate and salinity pore water, together 
with organic matter and sand content in the sediments.  
 
 
 
Fig. 8. Principal Component Analysis (PCA) showing 
microphytobenthic biomass in relation to environmental 
variables.  Samples distinguished according to spatial and 
temporal trends. Gravel; Clay; Sand; CaCO3=carbonate; 
Chlor-a:Phae-a = chorophyll-a and phaeophytin-a ratio; Sal 
= salinity; OM = organic matter; Chlor-a = chorophyll-a; 
Phae-a = phaeophytin-a; DIP = dissolved inorganic 
phosphorus; DIN = dissolved inorganic nitrogen; N:P = NID 
and DIP ratio; temp = temperature. 
 
 
DISCUSSION 
 
Spatial Distribution 
 
The sediment characteristics explained the 
microphytobenthic biomass distribution along the 
intertidal flat of Rasa da Cotinga island. Through 
deposition and suspension processes, sediment 
particles are distributed in the environment in relation 
to their size and weight. The tidal flat zonation tends 
to be a response of the sediment characteristics 
(DYER, 2000). The sediment at the LW high energy 
site was characterised by high gravel and carbonate 
content, the latter consisting mainly of shell fragments. 
In contrast, silt, clay and organic matter content 
accumulated in the sediments of the more sheltered 
MW and HW sites closer to the shore, where the 
microphytobenthic biomass was higher. We observed 
that during high tide, waves broke and dissipated their 
energy in the saltmarshes and mangrove sites, beyond 
the HW. During the ebb tide, the area near LW 
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suffered from the breaking waves and possibly this 
turbulence prevents the settling of fine particles and 
microalgae. The lower hydrodynamics of the middle 
and upper flat areas favour the deposition of fine 
suspended matter and the stability of the sediment, 
both important factors for microphytobenthos 
development. Furthermore, the microphytobenthic 
primary production was higher at the MW and HW 
sites than at the LW site and this difference was 
determined mainly by incident radiation (FONSECA 
et al., 2008). The constant scouring of the sediment, 
including microphytobenthic cells and the low light 
incidence might explain the lower microphytobenthic 
biomass at the LW, as observed by others 
(UNDERWOOD and PATERSON, 1993; 
BLANCHARD et al., 2000). It is important to note 
that aerial desiccation, which limits the 
microphytobenthos biomass (PINCKNEY and 
ZINGMARK, 1993; UNDERWOOD and 
PATERSON, 1993; BROTAS et al., 1995), was not 
predominant in the flat area studied. The MW 
presented a concave horizontal profile and was 
submerged on all the sampling dates. The HW and 
LW areas presented many bed forms that provide 
water and particulate matter and favor 
microphytobenthic biomass accumulation.  
Intertidal areas are highly physically 
dynamic and the chlorophyll-a degradation product, 
phaeophytin-a, might be a result of photo-oxidation, 
reworking of the sediment by macrofauna and grazing 
activity (GALOIS et al., 2000; CARTAXANA et al., 
2006; BLANCHARD et al., 2001). The sediment is an 
important site for the degradation of organic matter, 
including the microphytobenthic biomass. However, 
chlorophyll-a was twice as high as phaeophytin-a 
during this study, which suggests that the increment of 
microphytobenthic biomass more than compensated 
for the effects of the degradation processes and 
resulted in the good physiological condition of this 
community (FORD and HONEYWILL, 2002). 
Spatially, the general seaward increase in the 
chlorophyll-a:phaeophytin-a ratio suggested a 
preferential accumulation of phaeopigment at the 
sheltered sites of the middle and upper flat. This 
tendency might be a result of: i) the weaker 
hydrodynamics and deposition characteristic of the 
upper mudflat; ii) higher herbivory, considering the 
higher macrofaunal density at the HW and MW sites 
(PAGLIOSA and LANA, 2005; BOEHS et al., 2004), 
and iii) degraded products from the saltmarsh and 
mangrove swamps which bordered the study site.  
Seasonality  
The Brazilian Subtropical Zone has a clear 
seasonality with a rainy period occurring during 
spring-summer and a dry season during autumn-
winter, when the winds are stronger due to the passage 
of cold fronts (MACHADO et al., 1997). However, in 
December/1995-January/1996, the South Atlantic 
Convergence Zone (SACZ) was more intense and this 
favored the development of cold-fronts (BARREIRO 
et al., 2002). Under such circumstances, stronger 
southerly winds above 6 m.s-1 are registered, as 
observed on December 29th 1995, which is enough to 
disrupt the microphytobenthic layer (UNDERWOOD 
and PATERSON, 1993; DE JONGE and VAN 
BEUSEKMAN, 1995). The persistence of these winds 
can, further, cause meteorological tides (CAMPOS et 
al., 2010), increasing the height of the sea's surface 
and confining water in Paranaguá Bay (CAMARGO 
and HARARI, 1994). This confinement was 
observed during the January sampling at the 
astronomical ebb tide when the intertidal flat of Rasa 
da Cotinga island remain covered by a shallow water 
column (15 cm depth). Turbulence generated by the 
strong winds destabilised both the microphytobenthic 
community and the sediment, decreasing the organic 
matter and fine grain content (DE JONGE and VAN 
BEUSEKMAN, 1995; LUCAS et al., 2000). Rasa da 
Cotinga island faces south; consequently, the winds 
from this quadrant arrive without any modification of 
speed or direction, reinforcing the hypothesis that the 
wind might have been an important factor in 
controlling the microphytobenthic biomass. In 
addition, the temperature and salinity measured in 
November 1995 were lower than the averages 
observed in the spring-summer season (BRANDINI et 
al., 2001; MARONE et al., 2005). These minima may 
have been favoured by the heavy rainfall - of around 
103 mm - which occurred during the month preceding 
this sampling. Under such conditions, the seston 
concentration increases in surface water, diminishing 
the photic zone (BRANDINI and REBELLO, 1990; 
MIZERKOWSKI et al., 2012) and limiting the 
development of the microphytobenthos (FONSECA et 
al, 2008). 
From February to March 1996, the formation 
of a thick mucilaginous film was observed on the 
sediment surface of the upper and middle flat, which 
extended into the lower flat until May. Concomitantly, 
the organic matter, fine material and chlorophyll-a 
content on the sediment surface increased. 
Microscopic analysis showed that this film was 
formed particularly of the diatom Nitzchia sigma, 
which produces a great concentration of extracellular 
mucopolysaccharides (UNDERWOOD and SMITH, 
1998). Diatom mats are common phenomena on 
intertidal mudflats (MCINTYRE and CULLEN, 1995) 
and their effects on sediment characteristics, especially 
the stabilisation of sediments, has been described for 
both muddy and sandy sediments (BLANCHARD et 
al., 2000; RIETHMÜLLER et al., 2000; STAL, 2003; 
STAL, 2010). DE BROUWER et al. (2000) and DE 
BROUWER et al. (2003) observed the influence of the 
microphytobenthos on the sedimentation process when 
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correlating the biomass of this community with fine 
sediment deposition. In this study, the positive 
correlation between the fine content of sediment and 
the Chl-a concentration was evident. This suggests 
that the microphytobenthic biofilm was efficient in 
stabilising the sediment, by binding fine-grained 
sediments through the mucilage of diatom mats. 
Additionally, the wind speed and the hydrodynamic 
regime decreased from March to May, providing 
depositional conditions and a positive feedback 
between biology and sedimentology. 
Nutrients may not limit the growth of the 
microphytobenthos community because their 
concentrations are usually high in the interstitial 
waters of the tidal flats (BROTAS et al., 1995). 
However, growth limitation by N and P has been 
indicated through the analyses of the NP ratio 
(PINCKNEY et al., 1995; HILLEBRAND and 
KAHLERT, 2002). An NP ratio from 10 to 20 has 
been considered ideal for marine microalgae 
development (KOCUM et al., 2002). Even though the 
nutrient concentrations were, on average, three times 
higher in the pore water of the studied intertidal flats 
than those found in the water of Paranaguá Bay 
(KNOPPERS et al., 1987; BRANDINI and 
REBELLO, 1990; MACHADO et al., 1997), NP ratios 
below 10 were observed in 78% of our samples. This 
indicates that the microphytobenthos could be limited 
by nitrogen at our study site and PCA analysis was 
able to show this because the NP ratio is related, on 
axis 1, to the microphytobenthic biomass. 
The seasonal dynamics of pore water 
nutrients could be associated with water circulation 
and microphytobenthos uptake on the intertidal flats of 
Rasa da Cotinga island. During early January, strong 
winds kept the particulate organic material in 
suspension, decreasing sedimentation and 
accumulation of this material on the tidal flat. After 
this turbulent period, the amount of detritus increased 
in the sediment, favoured by the sedimentation of 
autochthonous and allochthonous suspended material, 
which was intensified by the continental runoff 
observed during April and May 1996. FONSECA et 
al. (2008) has estimated high mineralisation rates in 
April and May 1996 at the water-sediment interface of 
the same tidal flat. This suggests the rapid 
decomposition of organic matter accumulated in the 
sediments during this rainy period and the enrichment 
of the nutrients in the pore water of the sediments. The 
higher microphytobenthic biomass and the consequent 
uptake of nutrients by this community, might explain 
the decrease of pore water DIN and DIP 
concentrations from March to May. 
After May, the temperature decreased to a 
minimum of 14oC and the NP ratios and dissolved 
inorganic nutrient concentrations remained 
unfavourable for algal development. Moreover, the 
photosynthetic radiation that reached the sediment of 
this intertidal flat was considered important for the 
decrease of microphytobenthic photosynthesis during 
winter 1996 (FONSECA et al., 2008). These 
characteristics appear to have limited the development 
of microphytobenthos when the hydrodynamic 
conditions were favourable. 
  
 
CONCLUSIONS 
 
The spatial and seasonal dynamics of the 
microphytobenthic community on the tidal flats of the 
euhaline sector of Paranaguá Bay are mainly 
dominated by physical processes. Strong southerly 
winds and meteorological tides generated an excessive 
turbulence, which might be responsible for the 
remarkable structural changes in the benthic 
community; the development of the 
microphytobenthic biomass of the sediment decreased. 
Under favourable hydrodynamic conditions for 
sedimentation, the microphytobenthos community 
formed a visible mucilaginous layer, retaining fine 
sediments and increasing sediment stabilization on the 
flat. Under these conditions, the variability of the 
microphytobenthos community was determined by the 
nitrogen concentration and temperature of the 
interstitial water. 
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